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A 1 

(54) Title of the invention 

CURRENT PERMEABLE MATERIAL 
(57) Summary 

Constitution : A current permeable material which includes 0.1 ~ 5.0 wt% of Ti, which 
additionally includes, as an auxiliary component(s), either or both of 0.1 ~ 5.0 wt% of one, two, or 
more types selected from among Ni, Fe, Co, Cr, & Zn and, as a total sum, 0.001 - 5.0 wt% of one, 
two, or more types selected from among Ag, Pb, Sn, Mg, Mn, Al, B, P, As, & Sb, wherein the 
balance thereof is accounted for by Cu, wherein the internalization ratio of O is no more than 20 
ppm, wherein the sizes of deposits thereof are 2 urn or less, and wherein the particle sizes of crystals 
thereof are 30 um or less. 

Effects : A current permeable material characterized by an excellent migration resistance can 
be provided. 

Patent Claims /2 
Claim 1 

A current permeable material characterized by the facts that the O internalization ratio of an 
alloy which includes 0. 1 ~ 5.0 wt% of Ti and wherein the balance thereof is accounted for by Cu as 
well as inevitable impurities is 20 ppm or below, that deposits thereof ascribed to an ageing 
treatment exists, and that the sizes of said deposits are 2 um or less. 
Claim 2 

A current permeable material characterized by the facts that the O internalization ratio of an 
alloy which includes 0.1 ~ 5.0 wt% of Ti as well as 0.1 ~ 5.0 wt% of one, two, or more types 
selected from among Ni, Fe, Co, Cr, & Zn and wherein the balance thereof is accounted for by Cu 

1 Numbers in the margin indicate pagination in the foreign 
text . 
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as well as inevitable impurities is 20 ppm or below, that deposits thereof ascribed to an ageing 
treatment exists, and that the sizes of said deposits are 2 pm or less. 
Claim 3 

A current permeable material characterized by the facts that the O internalization ratio of an 
alloy which includes 0.1 ~ 5.0 wt% of Ti, which additionally includes, as an auxiliary 
component(s), 0.001 ~ 5.0 wt% of one, two, or more types selected from among Ag, Pb, Sn, Mg, 
Mn, Al, B, P, As, & Sb as a total sum, and wherein the balance thereof is accounted for by Cu as 
well as inevitable impurities is 20 ppm or below, that deposits thereof ascribed to an ageing 
treatment exists, and that the sizes of said deposits are 2 pm or less. 
Claim 4 

A current permeable material characterized by the facts that the O internalization ratio of an 
alloy which includes 0.1-5.0 wt% of Ti, which additionally includes, as auxiliary components, 
both of 0.1 ~ 5.0 wt% of one, two, or more types selected from among Ni, Fe, Co, Cr, & Zn and, as 
a total sum, 0.001 ~ 5.0 wt% of one, two, or more types selected from among Ag, Pb, Sn, Mg, Mn, 
Al, B, P, As, & Sb, and wherein the balance thereof is accounted for by Cu as well as inevitable 
impurities is 20 ppm or below, that deposits thereof ascribed to an ageing treatment exists, and that 
the sizes of said deposits are 2 pm or less. 
Claim 5 

A current permeable material specified in any of Claims 1-4 wherein the particle sizes of 
the crystals thereof are 30 pm or less. 
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Detailed explanation of the invention 



[0001] 

(Industrial application fields) 

The present invention concerns a current permeable material suitable as an electric 
component material designed to inhibit the arising of migrations among a lead frame, a terminal, a 
connector, and a bus bar (also referred in Japanese to "busu bar"). 

[0002] 
(Prior art) 

In recent years, the sizes & weights of electronic & electric appliances, etc. have come to be 
reduced, and not only are the sizes of concomitantly used components (e.g., connectors, etc.) being 
reduced but distances between components are also becoming drastically shortened. The degrees of 
integration of circuits, furthermore, are being endlessly scaled up. In other words, circuits have, in 
the prior art, been formed by connecting individual electronic components via lead wires, but since 
the circuit becomes convoluted in accordance with an increase in the number of components, 
attempts are being made to provide compact circuits by integrating these components. 

[0003] 

(Problems to be solved by the invention) 

Within such a size-reduced & integrated circuit of the prior art, mutually different circuits or 
wires are separated via miniscule gaps for reducing the size, whereas in a case where an electrolyte 
(e.g., water, etc.) exists within this gap, an electrochemical reaction becomes triggered, as a result of 
which copper ions solubilized from a copper alloy provided as the constituent material of a current 
permeation unit on the high potential side become deposited on the low potential side, and a short- 
circuiting phenomenon arises as the deposition content proliferates. This phenomenon is referred to 
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as "migration," and in a case where such a migration arises, it becomes impossible to invoke normal 
circuit functions. In recent years, therefore, materials bearing high electroconductivities without 
being accompanied by the generation of migration have come to be earnestly desired. 

[0004] 

(Mechanism for solving the problems) 

The present inventors compiled researches on migration in acknowledgment of the 
aforementioned problems and have discovered a current permeable material (e.g., terminal, 
connector, bus bar, etc. connected to the anodic side) characterized by the facts that the O 
internalization ratio of an alloy which includes 0.1-5.0 wt% of Ti, which additionally includes, as 
an auxiliary component(s), either or both of 0. 1 ~ 5.0 wt% of one, two, or more types selected from 
among Ni, Fe, Co, Cr, & Zn and, as a total sum, 0.001 ~ 5.0 wt% of one, two, or more types 
selected from among Ag, Pb, Sn, Mg, Mn, Al, B, P, As, & Sb, and wherein the balance thereof is 
accounted for by Cu as well as inevitable impurities is 20 ppm or below, that deposits thereof 
ascribed to an ageing treatment exists, and that the sizes of said deposits are 2 ^im or less, and/or that 
the particle sizes of the crystals of the aforementioned alloy are 30 jxm or less. 
[0005] 

The addition ratios of the respective elements added to Cu in compliance with the present 
invention are determined in consideration of the following factors. In other words, Ti is, first of all, 
an element which exerts, in a case where it is internalized into copper and/or copper alloy, an effect 
of inhibiting the migration of the copper and/or copper alloy. 
[0006] 

The mechanism by which the migration phenomenon is thus inhibited has yet to be clarified, 
although it is estimated that the Cu ion elution volume diminishes in the presence of Ti and that the 
migration phenomenon between electrodes becomes inhibited due to the hindrance of the current 
permeation through the deposited Cu particles by the concomitantly generated compound of Ti. 
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[0007] 

As far as reasons for designating the Ti internalization ratio within a range of 0.1 - 5.0 wt% 
are concerned, no effect of inhibiting the migration phenomenon is acknowledged in a case where 
the Ti internalization ratio is below 0.1 wt%, whereas in a case where the same exceeds 5.0 wt%, an 
effect of inhibiting the migration phenomenon may be achieved, but the electroconductivity 
decreases, accompanied by proliferated heat generation at the time of current permeation as well as 
an attenuated heat releasability. 
[0008] 

As far as reasons for designating the internalization ratio(s) of one, two, or more types 
selected from among Ni, Fe, Co, Cr, & Zn within a range of 0.1 - 5.0 wt% are concerned, these 
elements not only bear effects of inhibiting migration phenomena but also contribute to improved 
strengths, although in a case where their internalization ratios are lower than 0.1 wt%, such effects 
are tenuous, whereas in a case where the same exceed 5.0 wt%, a conspicuous electroconductivity 
loss becomes unavoidable. 
[0009] 

As far as reasons for designating the internalization ratio(s), as a total sum, of one, two, or 
more types selected, as an auxiliary component(s), from among Ag, Pb, Sn, Mg, Mn, Al, B, P, As, 
& Sb within a range of 0.001 ~ 5.0 wt% are concerned, these elements are added for the purpose of 
improving strengths, although in a case where their internalization ratios are lower than 0.001 wt%, 
such effects are absent, whereas in a case where the same exceed 5.0 wt%, an electroconductivity 
loss becomes unavoidable. /3 
[0010] 

The reason for limiting the sizes of deposits to 2 (im or less is because the arising of a 
migration phenomenon becomes suddenly imminent in the case of crude deposits the sizes of which 
exceed 2 ^m. The reasons for designating the oxygen internalization ratio at 20 ppm or below is 
because it was determined that a Ti component being trapped within an alloy as an oxide fails to 
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contribute to an improved migration resistance. In other words, Ti tends to become trapped as an 
oxide within an alloy the oxygen internalization ratio of which exceeds 20 ppm, and in a case where 
the Ti oxide thus becomes generated, the migration resistance drastically deteriorates due to the 
enrichment of Ti within this region. 
[0011] 

Moreover, not only does the processibility deteriorate under the pervasion of crude crystals 
the sizes of which exceed 30 |im, but the migration resistance also tends to become attenuated, and 
therefore, crystal particle sizes of 30 \im or less are recommended. 

[0012] 

(Application examples) 

In the following, concrete examples of the present invention will be shown. 

[0013] 

First, each of the alloys of the present invention and comparative alloys the respective 
compositions of which are shown in Table I was melted & cast within an inert atmosphere, and after 
it had been sliced flatly, it was hot-rolled, and after it had then been repeatedly subjected to cold- 
rolling & annealing/acid-washing cycles, it was eventually annealed at 400 ~ 600°C over a certain 
period for the purpose of adjusting the crystal particle size, and after it had been washed with an 
acid, a cold-rolled sheet with a processing degree of 20% and a thickness of 0.6 mm was obtained. 
Moreover, its surface was polished with a #1200 emery paper. 
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Table I 





No. 


Chemical components (wt%) 






Cu 


Ti 


Ni, Fe, Co, Cr, 
and/or Zn 


Sn, Mg, Mn, Al, B, P, 
As, Sb, Ag, and/or Pb 


(C) 


(A) 


1 


Balance 


0.15 


- 


- 


15 




2 


Balance 


3.32 


- 


- 


12 




3 


Balance 


2.?3 


0.?3Cr,0.19Zn 


- 


12 




4 


Balance 


2.41 


2.01Ni 


- 


9 




5 


Balance 


3.0? 


l.?9Co, 0.?8Fe 


- 


10 




6 


Balance 


1.89 


- 


0.0?As, 0.04Sb 


9 




7 


Balance 


2.43 




0.11Ag,0.?4B, 0.03Pb 


12 




8 


Balance 


3.04 


- 


0.20Sn, 0.1 lMn, 0.08A1 


11 




9 


Balance 


1.50 




0.31Mg,0.03P 


7 




10 


Balance 


2.45 


1.2?Ni, l.OICo 


O.OlAs 


13 




11 


Balance 


2.?8 


1.4?Ni, 0.?4Fe 


0.33Sb, 0.72P 


? 




12 


Balance 


?.34 


1.27Cr, l.lOZn 


0.14Mg, 0.1 ISn 


15 




13 


Balance 


1.95 


0.14Fe, 1.20Co, 
1.15Cr 


0.0?B, 0.15Mn, 0.10A1 


10 



8 





14 


Balance 


2.?3 


1.80Zn 


0.10Ag,0.04Pb 


9 


(B) 


15 


Balance 


0.04 






15 




16 


Balance 


7.?0 






10 




17 


Balance 


2.41 


2.01Ni 




100 




18 


Balance 


?.?4 


1.27Cr, 1.1 OZn 


0.14Mg,0.11Sn 


12 




19 


Balance 


2.88 


1.4?Ni, 0.84Fe 


0.33Sb, 0.02P 


10 




20 


Balance 
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[(A): Alloy of the present invention; (B): Comparative alloy; (C): oxygen internalization ratio 
(ppm)] 

The tensile strengths, elongations, electroconductivities, and migration resistances of the 
respective samples thus obtained were evaluated. The results are shown in Table II. As far as the 
migration resistance is concerned, each sample was cut into a size of 10 mm x 100 mm, and a set of 
two sample sheets shown in Figure 1 was immersed into tap water (300 cc) according to the 
illustration of Figure 2. Next, a DC voltage of 14 V was impressed on this testpiece comprising of a 
pair of sample sheets, and the variation of the current value over time was measured by using a 
recorder. Representative examples of the obtained results are shown in Figure 3. Moreover, the 
time elapsed till the achievement of a current value of 1.0 A on each sample (arrow in Figure 3) is 
shown in Table IL Incidentally, the sizes of deposits were calculated by microscopically analyzing 
2 mm 2 of a sample cross section at a magnifying ratio of 1,000 and by ascertaining the size of the 
largest deposit. 
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[0015] 



Table II /4 







(C) 


(D) 


(E) 


(F) 


(G) 


(H) \ 


(A) 


1 


1.? 


10 


40.5 


?.l 


70.8 


504 




2 


0.7 


20 


10?.4 


4.? 


1?.3 


422 ! 




3 


0.4 


15 


98.2 


5.? 


18.? 


4?? 




4 


1.2 


15 


98.4 


5.? 


15.5 


500 




5 


1.1 


25 


100.? 


5.5 


12.7 


505 




6 


0.9 


15 


8?.4 


?.o 


20.? 


453 




7 


0.8 


10 


9?.? 


?.o 


18.? 


4?0 




8 


1.4 


20 


95.? 


5.9 


17.4 


424 




9 


1.2 


15 


80.5 


?.3 


21.4 


4?4 




10 


0.6 


10 


9?.5 


5.8 


1?.4 


5?1 




11 


1.? 


15 


102.2 


5.4 


11.0 


520 






U. / 


1 c 
I J 


1 ni a 
1U1.4 


5.7 


1 1 A 

11.0 


COO 

522 




13 


0.? 


20 


95.? 


5.8 


1?.? 


503 




14 


1.2 


20 


??.? 


?.l 


1?.? 


495 


(B) 


15 


1.0 


15 


?6.? 


10.1 


59.2 


394 




16 


1.0 


15 


11?.5 


3.4 


4.5 


395 
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17 


1.0 


25 


9?.9 


6.0 


15.5 


??0 




18 


3.0 


20 


100.? 


5.9 


11.0 


?95 




19 


1.0 


100 


101.? 


5.5 


11.0 


?90 




20 




20 


29.? 


12.8 


102 


100 



[(A): Alloy of the present invention; (B): Comparative alloy; (C): Deposit diameter (^im); (D): 
Crystal particle size (jam); (E): Tensile strength (kgf/mm 2 ); (F): Elongation (%); (G): 
Electroconductivity (%, IACS); (H): Migration resistance (1.0 A current achievement time, min.)] 



It can be judged from Table II that alloys of the present invention, namely Nos. 1-14, each bear 
electroconductivities of 10% IACS or higher as well as excellent strengths & migration resistances 
and that they are therefore optimal alloys as current permeable materials which must satisfy 
migration resistance requirements such as lead frames, automotive terminals, connector bus bars, 
etc. Moreover, comparative alloy No. 15, the Ti internalization ratio of which is lower than that of 
alloy No. 1 of the present invention, exhibited an inferior migration resistance, and its strength was 
also low. Comparative alloy No. 16, the Ti internalization ratio of which is higher than that of alloy 
No. 2 of the present invention, exhibited a low electroconductivity. Comparative alloy No. 17, the 
oxygen internalization ratio of which is higher than that of alloy No. 4 of the present invention, 
exhibited an inferior migration resistance. Comparative alloy No. 18, the deposit diameter of which 
is larger than that of alloy No. 12 of the present invention, exhibited an inferior migration resistance. 
Comparative alloy No. 19, the crystal particle size of which is larger than that of alloy No. 1 1 of the 
present invention, exhibited an inferior migration resistance. Comparative alloy No. 20, which is an 
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oxygen-free copper, exhibited a high electroconductivity, although its migration resistance was 
inferior. 

[0016] 

(Effects of the invention) 

The current permeable material of the present invention is a material with an excellent 
migration resistance. 

Brief explanation of the figures 

Figure 1: A diagram which shows an oblique view of a sample subjected to a migration 
resistance test. 

Figure 2: A demonstrational diagram pertaining to the same test. 
Figure 3: A graph which shows migration resistance test results. 

Figure 1 




[(1): Sample] 
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Figure 3 
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[(1): Stand glass; (2): Tap water; (3): Resin panel; (4): Sample; (5): Laboratory dish; (6): 14 V DC 
voltage] 
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